Summary. Behavioural and hormonal data were collected throughout pregnancy in captive rhesus monkeys. Heterosexual pairs observed in daily time-limited mating tests showed two distinct periods of increased sexual interaction, as measured by the incidence of ejaculation. One period was coincident with the preovulatory oestradiol peak, while the other occurred between the 6th and 10th weeks of pregnancy. The positive relationship found during the menstrual cycle between the ratio of circulating oestradiol: progesterone and degree of sexual activity continued for the first 8 weeks of pregnancy. However, sexual activity ceased in the second half of pregnancy despite a continued high oestradiol: progesterone ratio.
Introduction
Mating in most mammals is limited to a relatively distinct periovulatory period (Young, 1961; Lisk, 1973) , but man and some Old World primates continue to copulate through much or all of the menstrual cycle and during pregnancy (Homo sapiens: Masters & Johnson, 1966; Udry & Morris, 1968 ; Falicov, 1973 ;  Kenny, 1973 ;  Gorilla gorilla: Hess, 1973 Herbert, 1963; Conaway & Koford, 1964; Loy, 1971) . Ovarian hormones are not without influence in these primates, however, since cyclic changes in certain sexual behaviour patterns have been related to stagesof themenstrualcycleunder natural (Carpenter, 1942; Kaufmann, 1965; Lindberg, 1971; Loy, 1971 ) and laboratory (Ball & Hartman, 1935; Evans & Goy, 1968; Scruton & Herbert, 1970; Goldfoot, 1971 ; Bullock et al, 1972; Eaton et al, 1973; Czaja & Bielert, 1975) conditions. Studies relating endogenous hormone levels to mating behaviour in the laboratory, where pregnancy can be easily prevented without disrupting endocrine function, have concentrated on menstrual cycles in which pregnancy does not occur (Goy & Resko, 1972; Eaton & Resko, 1974) . This is not, however, the normal reproductive state of wild animals. Suppression of ovulation during the prolonged periods of primate pregnancy and lactation or during periods of seasonal amenorrhoea means that the reproductive life of free-ranging primate females consists mainly of conditions of infertility.
It is often assumed that the apparent biological dissociation represented by the continued mating of primates during non-fertile states reflects behavioural independence from hormonal action and/or overriding social influences (Rowell, 1972) . While it is now accepted that the periovulatory steroid changes in primates can increase sexual activity, the question remains as to whether hormonal variations at other times influence the display of mating activity. Since endocrine changes during pregnancy naturally induce elevated steroid levels, a study was undertaken to document the incidence of sexual behaviour and concomitant levels of circulating oestradiol and progesterone in captive rhesus monkeys throughout this period.
Materials and Methods
Fourteen wild-caught rhesus monkeys which had been in the laboratory for at least 2 years were used. The eight females and six males were all proven breeders and were members of the Wisconsin Regional Primate Research Center Breeding Colony.
Sexual skin colour. As indicators of ovarian condition, daily records of menstruation and sex skin colour were maintained. The intensity of colour of the female perineal (sex) skin was arbitrarily scored on a quarter-step scale with a minimum of 0-00 and a maximum of 4-25 as previously des¬ cribed . Although the degree of skin colour fluctuation varies among individual rhesus females, systematic changes in relative colour intensity have been reported to occur during ovulatory cycles (Hartman, 1932; and following administration of gonadal hormones (Allen, 1927) .
Steroid assays. Blood samples (2-5 ml) were taken from saphenous veins of six females at 1-2 day intervals during the 2 weeks about the expected time of ovulation and at intervals of 2-4 days throughout pregnancy until the week after parturition.
Concentrations of oestradiol-17ß and progesterone were measured by the radioimmunoassays previously described (Hotchkiss et al, 1971 ; Resko, 1971 ; Resko et al, 1974 (Nuti et al, 1974) resulted in the following elution pattern: 4-0 ml, neutral steroids; 3-0 ml, oestrone; 2-0 ml, discard; 6-0 ml, oestradiol-17ß.
Recoveries were estimated by the addition of 1000 ct/min [4,6,7-3H] (Ekins & Newman, 1970) . The within-assay variation, calculated as described by van 005, 0-10, 0-20, 0-30 and 0-50 ml resulted in assay values of 3-8, 7-2, 15-6, 25-9, and 40-1 pg, respectively. These values are represented by a straight line and have a correlation coefficient of 0-9932.
Progesterone levels were analysed on separate aliquots of the individual serum samples. Aliquots of 0-025-0-250 ml were extracted twice with 4-0 ml petroleum ether (Mallinckrodt, Nanograde) (Johansson et al, 1968; Johansson, 1969) . Before extraction, 1000 ct/min [l,2,6,7-3H]progesterone (sp. act. 96 Ci/mmol: New England Nuclear) were added to the samples for recovery estimations. Recovery determinations were 90-5+2-78 %.
The antibody for progesterone was obtained from rabbits immunized with progesterone-1 lasuccinyl-bovine serum albumin , an antibody specific for progesterone (Thorney¬ croft & Stone, 1972; Resko et al, 1974) . The range of the standard curve utilized was 10-500 pg. Values of 7-2+2-36 pg were obtained for assay blanks, and the sensitivity was found to be 11-9 pg.
Within-assay variability for 83 duplicate samples from 13 to 509 pg was ±11-69 pg. Between-assay variability based on a serum pool assessed in each assay was calculated to be ±26-75 pg. Assay values of 11-3, 43-1, 135-7 and 508-4 pg were obtained from 0-01, 0-05, 0-10 and 0-25 ml of a serum pool, giving a nearly straight line with a correlation coefficient of 0-9828.
Behavioural tests. The male and female of a pair were housed in adjoining cages. At the start of a mating test, a panel separating the cages and the pair was removed and interactions in the resulting 90x150x100 cm cage were scored for a standard 12-min period. At the end of that time, the pair was separated and the partition replaced. Rhesus mating behaviour is characterized by a series of mounts with intromissions ending with the ejaculatory mount (Bielert & Goy, 1973 fig. 1 ). fig. 2 shows that the levels of oestradiol and progesterone were high before parturition and low on the day of and days following parturition. It can also be seen in this figure that the female who aborted has a pronounced oestradiol surge followed by relatively low oestradiol and progesterone values before abortion.
Discussion
Although some field workers have failed to detect post-conceptional sexual activity in the rhesus monkey (Altmann, 1962) , it has been documented by others (Conaway & Koford, 1964; Kaufmann, 1965; Loy, 1971) . In contrast to our observations, Loy (1971) reported repeated cycles of sexual activity throughout pregnancy. However, his behavioural criteria included a number of activities, such as grooming, which cannot be considered sexual per se. When his data are re-examined with more stringent criteria, the results appear more similar to the laboratory findings; 85 % of the preg¬ nant females received series mounting or exhibited an ejaculatory plug between the 6th and 12th weeks of pregnancy, but none did so between the 12th week and parturition. Previous laboratory studies on rhesus sexual activity during pregnancy provide only sketchy data. Ball (1937) found no increases in female sexual invitations to male partners in the one rhesus female followed to term.
In contrast, a female tested by Zumpe & Michael (1970) (Sade, 1964; Conaway & Sade, 1965 ) and, to a lesser extent, in the laboratory (Robinson & Bridson, 1974) . Pregnancy normally extends into this period of gonadal hypofunction, a confounding factor in previous reports of depressed mating during the later part of pregnancy. In the present study, animals were purposely mated during late spring so that late pregnancy and parturition coincided with the season for maximum sexual activity in this colony (Robinson & Bridson, 1974) . Consequently the loss or decline of sexual behaviour observed in this study could not be attributed to seasonal decline in libido and/or testicular function of the males.
Oestradiol and progesterone have both been implicated as hormones having major influences on primate sexual interactions. During the menstrual cycle, peak sexual activity of pairs coincides with the period of maximum oestrogen levels, while sexual interactions are at a minimum during the luteal phase when circulating progesterone is highest (Goy & Resko, 1972; Hess & Resko, 1973; Eaton & Resko, 1974) . Oestrogen replacement to ovariectomized females has been shown to increase pair mating (Ball, 1936; Herbert & Trimble, 1967) , but exogenous progesterone, when given in sufficient quantities, reduces sexual interactions (Ball, 1941 ; Michael et al, 1968) . Our measurements of oestradiol and progesterone levels during pregnancy are consistent with those previously reported (Neill et al, 1969; Hodgen et al, 1972; Bosu et al, 1973) . Both of these hormones are produced by the ovary and the placenta, and the marked fluctuations in their concen¬ trations during early pregnancy might have an influence on the levels of sexual activity at that time.
Comparison of sexual activity during early pregnancy to the oestradiol : progesterone ratio indicates that the positive correlation found between these factors during the menstrual cycle does continue into pregnancy, but only for a limited time. It can be seen in Text- fig. 3 that the % of tests with ejaculation and the oestradiol : progesterone ratio follow a similar course only until the 8th week of pregnancy.
It appears that the levels of oestradiol during pregnancy, although as high as those of the pre¬ ovulatory peak, are insufficient to maintain mating behaviour despite the fact that levels of proges¬ terone at that time are no higher than those normally seen during an average luteal phase. It may be that the prolonged exposure to these progesterone levels during pregnancy has a greater effect than the more limited exposure associated with menstrual cycles. Prolonged progesterone exposure has been reported to antagonize the display of rhesus sexual activity (Ball, 1941 ; Michael et al, 1968) , but there is some question as to the physiological significance of these results, given the finding that small doses of progesterone that are ineffective in significantly reducing sexual interactions should produce circulating levels at least as high or higher than those normally recorded during the luteal phase or pregnancy (Michael et al, 1968; Neill et al, 1969; Dierschke et al, 1973 (Vermeulen et al, 1969; Corval et al, 1971; Forest et al, 1971) . Despite the apparent constant high oestrogen levels in pregnant rhesus monkeys, there may be a reduction in the availability of the hormone during late pregnancy, although the intensity of the sex skin colour indicates a continued effectiveness of the hormone, at least at certain peripheral sites. Another possibility is that oestrogen has a biphasic action on mating behaviour of primates. Michael et al (1967) reported that graded increases in the dose of oestradiol to an ovariectomized female rhesus monkey produce differential changes in the behaviour of the male partner and the interaction of the pair. The male's sexual performance was stimulated by lower doses but there was a progressive suppression with higher doses of oestradiol. Thus, the prolonged exposure to elevated oestrogen titres during pregnancy may in itself eventually reduce sexual activity.
Testosterone also affects rhesus sexual interactions, but it presumably influences the display of particular female responses more than the criteria we used to assess mating (Herbert & Trimble, 1967; Trimble & Herbert, 1968) . Knowledge of testosterone levels might be helpful to evaluate its possible influence on post-conceptional mating, although questions remain as to whether test¬ osterone effects in the female primate are mediated directly, by conversion to oestrogens, or by competition in certain oestrogen-binding systems (Ryan et al, 1972) . Since most fetuses in this study were female, fetal testosterone can be considered an unlikely cause of the behavioural effects observed in the mothers.
Our observations do not permit us to isolate the particular factors regulating the observed fluctuations in primate sexual behaviour after conception, but they do indicate that sexual activity at this time is not independent of hormonal or reproductive condition. The presence of behaviourally significant changes in oestrogen and progesterone during pregnancy is further supported by recent reports on primate feeding behaviour. As with sex behaviour patterns, levels of food intake show cyclic changes during the menstrual cycle and are influenced by gonadal hormones . The pattern of changes of feeding of rhesus monkeys during pregnancy (Czaja, 1975) 
